The central vs. local nature of high-school exit exam systems can have important repercussions on the labor market. By increasing the informational content of grades, central exams may improve the sorting of students by productivity. To test this, we exploit the unique German setting where students from states with and without central exams work on the same labor market. Our difference-in-difference model estimates whether the earnings difference between individuals with high and low grades differs between central and local exams. We find that the earnings premium for a one standard-deviation increase in high-school grades is indeed 6 percent when obtained on central exams but less than 2 percent when obtained on local exams. Choices of higher-education programs and of occupations do not appear major channels of this result. see Hanushek and Woessmann (2011) for a review of the extensive cross-country evidence.
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Introduction
A key question of educational governance is how to organize school exit examinations.
Historically exams were designed and graded by local school teachers, but today centralized exams at the end of secondary school play an important role in many education systems around the world. Supporters argue that centralized evaluations are desirable because they raise student achievement by favorably affecting the incentive structure of stakeholders in the education system. Empirical evidence largely supports such a positive effect of central exams on student achievement. 1 But externally validated credentials may also have important repercussions on the labor market. By increasing the informational content of grades, central exams could affect school-to-work transitions, college admissions, and hiring costs and hiring policies of firms -and, by implication, the incentive structure in schools in the long run.
However, whether grades obtained in central exams indeed allow an improved sorting of students by productivity remains an open question. This paper tests empirically whether grades in central exams have higher information value on the labor market than grades in local exams. The key empirical challenge consists in estimating the counterfactual relationship between high-school grades and productivity.
Wages provide a measure for productivity that is readily available in many surveys of the labor force, but information on high-school grades is typically not. More importantly, the extent to which wages proxy for productivity in different countries may differ due to different labor market institutions, making cross-country comparisons difficult to interpret. However, any within-country approach typically lacks variation in the centrality of exam systems.
In this paper, we exploit the institutional setup in Germany in the 1990s for identification.
At that time, almost half of the German states tested students in state-wide administered central exams at the end of high school, while the other half did not. While individual states in Germany are largely responsible for their education systems, labor market institutions are largely determined at the federal level. Thus, we can compare individuals who compete on the same labor market, but part of whom obtained their high-school grades in states with central exams and part of whom in states without central exams. 2 2 We use the dataset of a German university graduate survey whose participants graduated from university in the late 1990s. We observe their labor-market outcomes five years after graduation, in 2003. By surveying their high-school grades and following them into the labor market, this unique dataset for the first time allows us to convincingly estimate whether grades obtained in central exams indeed allow an improved sorting of students by productivity.
We test this hypothesis in a difference-in-difference framework. Identification is based on comparing earnings of individuals with high and low high-school grades depending on whether they obtained their grades in central or local exam states. Based on cross-sectional models, we estimate an earnings function with state fixed effects and focus on the interaction of an indicator for central exam states with standardized high-school grades. The hypothesis is that high-school grades are more closely associated with earnings when obtained in a central rather than local exam.
We find that a grade improvement by one standard deviation translates into approximately 6 percent higher earnings when grades are obtained in central exams, compared to 1.6 percent when grades are obtained in local exams. We interpret this finding in light of a simple measurement-error model in which grades proxy for productivity with classical measurement error. If local exam grades provide a more noisy measure of productivity compared to central exam grades, the resulting difference of more than 4 percentage points reflects the higher information value of central school exams. This finding is robust to different sample selection criteria and alternative model specifications. Results hold for different subgroups of the overall sample. In line with economic intuition, the relationship between central exam grades and earnings is largest when we restrict the sample to individuals employed in the private sector. Controlling for several post-secondary schooling variables suggests that choices of higher-education programs and of occupations are no major channels driving our results.
The theoretical foundation for our analysis is laid in the literature on signaling educational performance, which builds on the seminal contributions by Spence (1973) , Stiglitz (1975) , and Arrow (1973) . In models such as Bishop and Woessmann (2004) and Bishop (2006) , central examinations change students' incentive structure relative to autonomous local examinations. By creating comparability to an external standard, central examinations improve the signaling of academic performance to advanced educational institutions and to potential employers. These institutions will thus give greater weight to educational performance when making admissions and hiring decisions. In consequence, their decisions become less sensitive to other factors such as family connections, the momentum of a twentyminute job interview, performance relative to a class mean, or aptitude tests that measure innate ability more than overall educational performance. As students' rewards for learning grow, students respond by increasing their learning efforts. The idea that central exams increase the extrinsic rewards for learning is, however, an assumption in these models that has not yet been tested. It is one key contribution of this paper to provide the first empirical test of this assumption.
Our paper also directly contributes to the empirical literature on estimating labor-market returns to cognitive skills (see Hanushek and Rivkin (2012) for a summary). For Germany, Hanushek et al. (2015) report estimates of 24 percent for the earnings effect of a one standard deviation increase in test scores. Compared to this finding, our estimates of the relationship between earnings and school grades are small. The difference may arise from the restriction of our sample to successful university graduates, but it may also be an indication that school grades measure productive skills with substantially more noise than results of direct tests of the cognitive skills of the adult population.
Finally, our findings inform educational policy makers about repercussions on the labor market that a centralization of evaluation systems in schools may entail. Not only may central exam systems act as an effective accountability devise raising student achievement (see Hanushek and Woessmann (2011) for an overview of the international evidence) and overall labor-market productivity (Piopiunik, Schwerdt, and Woessmann (2013) ). They also allow an improved sorting of students by productive skills. In the long run, this may increase overall welfare also in other ways. For example, central exams may facilitate the matching process between vacancies and workers (e.g., Petrongolo and Pissarides (2001) ). Additional descriptive evidence on the relationship between the type of evaluation system in schools and applications, interviews, and job offers during the initial job search supports this conjecture.
Central exams may also lower firms' costs of filling a vacancy because firms are less dependent on their own costly screening devises such as assessment centers. Finally, grades on school leaving exams are officially used to assign places at German universities when there is oversubscription in a subject or faculty. Thus, the matching process between scarce places in higher education programs and students with adequate skills may become more efficient. This may not only raise overall welfare, but also fairness in the access mechanism to the higher education system.
In what follows, section 2 provides a simple conceptual framework for the information value of central exam grades on the labor market. Section 3 describes the examination systems at the end of high school in German states, introduces the dataset, describes the sample, and provides descriptive statistics. Section 4 presents our empirical strategy. Sections 5 and 6 report our basic results and robustness tests. Section 7 tests to what extent university and job characteristics are channels of the effect. Section 8 presents supporting evidence on the higher information value of central exams based on the number of applications, interviews, and job offers during the initial job search. Section 9 concludes.
Conceptual Framework on the Information Value of Exams
Theoretical Background
Our analysis builds on the theoretical literature on signaling educational performance.
The idea of job market signaling was introduced in the seminal work by Spence (1973) : Highability workers differentiate themselves from observationally identical workers of lower ability by acquiring an educational signal that is observed by potential employers. If higher ability individuals find it less costly (both in monetary and non-monetary terms) to acquire an educational degree, this process will lead to a separating equilibrium in which workers can be differentiated by their signals. The simple signaling model can be regarded as a special case of the more general screening model developed by Stiglitz (1975) . In an economy with imperfect information, heterogeneous jobs demanding more or less skilled labor and workers with heterogeneous skill levels, education can enhance allocative efficiency by serving as a screening device that improves the job-worker matching. Arrow (1973) presents a similar idea in the filter theory of higher education where college education serves as a screening device that sorts out individuals of differing abilities and thereby conveys information to potential employers.
A more formal incorporation of the signaling and screening idea into models of educational production is presented in Becker (1982) . His model extends the screening model of Stiglitz (1975) by explicitly linking post-school income to colleges' assessments of a student's academic achievement and prospective employers' assessments of the college the student attends. In particular, both the accuracy of student grading by the college and the accuracy of labeling of colleges by potential employers are functions of the screening process. Becker and Rosen (1992) investigate more explicitly the implications of student assessment schemes based on competition among peers on the one hand and an externally set competency standard on the other. The framing of education in a principal-agent setup emphasizes the role of incentives in the process of educational production. This setup also underlies studies that 5 more directly focus on the relationship between educational standards and earnings. Costrell (1994) and Betts (1998) analyze the optimal setting of educational standards when students from schools with different grading standards are pooled. They conclude that centralized standard setting with a local option to set even higher standards results in higher standards, higher achievement, and higher social welfare than decentralized standard setting.
In a framework closest to our analysis, Bishop and Woessmann (2004) By creating comparability to an external standard, central examinations improve the signaling of academic performance to advanced educational institutions and to potential employers.
These institutions will thus give greater weight to academic performance when making admission and hiring decisions. In consequence, their decisions become less sensitive to other factors such as family connections, short job interviews, performance relative to the class mean, or aptitude tests that lean more to measuring innate ability than to measuring overall educational performance. This is evident, for example, in Japan, Singapore, and South Korea, where performance on central high-school examinations directly determines whether or not students can proceed to tertiary education. Hence, central exams have a positive effect on the rewards for learning, especially on the extrinsic part. As students' rewards for learning increase, anything that increases educational performance becomes more worthwhile.
Students respond to an increase in rewards by increasing their learning effort, and governments respond by increasing educational spending. The result is an increase in educational performance. In this model framework, a crucial assumption is that central exams have higher information value. This assumption is tested in this paper.
Central Exams in a Measurement-Error Framework
The key hypothesis tested in this paper is whether grades obtained in central exams have a higher information value which allows an improved sorting of students by productivity.
Empirically, we test this hypothesis in a difference-in-difference framework. To provide a precise interpretation for our difference-in-difference parameter and to define the information value of central exams, we present a simple framework based on a model with classical measurement error in the explanatory variable.
Central exams are hypothesized to improve the reliability of the information on effective human capital to employers. We capture this idea by assuming that high-school grades can be thought of as a noisy signal of a worker's true productive skills, but grades obtained from central exit exams carry less noise than grades obtained from non-central exams. Accordingly, 6 we define a grade obtained from a central exam, g i c , as a linear combination of productive skills a i and a common noise component, n i :
(1)
We model the additional noise component introduced by non-central exams, e i , as white noise. This can be interpreted as a classical measurement error problem. Grades obtained in a non-central exit exam, g i nc , can therefore be expressed as:
(2)
This setup allows us to define the information value of central school exams within a measurement-error context. For simplicity and without loss of generality, we assume the common noise component, n i , to be zero. Abstracting also from other covariates, a regression of wages on ability is given by:
Assuming that the measurement error, e i , and the equation error ε i are uncorrelated, standard classical measurement-error theory (e.g., Angrist and Krueger (1999) ) implies that a regression of wages on high-school grades for graduates with non-central exit examinations can be expressed as: , so the regression coefficient is necessarily attenuated, with the proportional "attenuation bias" equal to (1 -λ) < 1.
Hence, the difference in the coefficients from regressions of wages on high-school grades for graduates from central as opposed to non-central exit examinations would be given by
(1 -λ). The information value of a central exit examination could then be interpreted as a reduction of the "attenuation bias" in a classical measurement model.
The model builds on the common assumption that differences in wages reflect, at least to some extent, differences in productivity. This assumption requires that employers can observe on-the-job productivity. While this seems less plausible for starting wages, Altonji and Pierret (2001) show that with the passage of time, employers learn about the true productive skills of workers. Thus, our analysis will mainly focus on earnings differences observed five years after university graduation.
Examination Systems in Germany and Graduate Data
Examination Systems at the End of High School in German States
Young adults in Germany take final exams in different subjects at the end of their secondary education, usually after 12 or 13 years of schooling. The official term in Germany for this certificate obtained at the end of the highest track of secondary education is The particular institutional feature that we exploit in our empirical strategy is that the examination procedure for the final exams also varies between federal states in Germany.
While in some federal states these final exams are external exit examinations, other states place the responsibility for the examinations entirely in the hands of the schools. In other words, in these states the candidates are examined by their respective teachers. The teachers formulate the examination questions and also grade the given answers. While nowadays, most German federal states have introduced external exit examinations, more than half of all federal states still had local exit examinations until 2005. Table 1 provides official statistics on the Abitur in the German states distinguished by the type of exit examination by federal state. There are seven states with central exit exams and 3 Allgemeine Hochschulreife could be translated as "general maturity for university studies". The term Abitur emanates from the Latin verb abire (to go away). 4 Individuals holding certificates of Hauptschulabschluss or Realschulabschluss have the possibility to obtain a specialized Fachabitur ("maturity for specific university studies") or the Abitur if they graduate from a Berufsschule and then additionally attend a Berufsoberschule.
5 Grant (2007) shows that averages of several grades provide useful information on the productivity of students. 8 nine states without them. This variation in institutional environments constitutes the main ingredient of our identification strategy. The table reveals significant variation in cohort shares and pass rates across states as well as variation between the two groups of states defined by the state-specific exit examination. In states with central exams, fewer students attend the highest track of secondary education, but those who do have slightly higher pass rates compared to students in the highest track in local-exam states.
Graduate Survey Data
Selected cohorts of university graduates have been included in large representative surveys conducted by the Hochschul-Informations-System (HIS, now called German Centre for Research on Higher Education and Science Studies or DZHW). Results were published in several descriptive studies (e.g., Kerst and Minks (2005) ). In this paper, we use data for the 1997 cohort. University graduates of 1997 were surveyed in a first wave about one year after graduation (1998) and again in a second wave about five years after graduation (December
-May 2003). 6
The universe of individuals graduating from German universities in the academic year 1997 (September 1996 -September 1997) encompasses 191,948 individuals. Out of this universe, 9,583 graduates were initially sampled in 1998 and 6,220 individuals were sampled again in the second wave. 7 Our dataset contains information on the 6,216 graduates who were sampled in both waves. 8 This corresponds roughly to 3.2 percent of all graduates in 1997. We restrict the sample further by excluding those graduates who obtained their university access authorization outside Germany. Moreover, we exclude those who completed their secondary education in the former GDR. These restrictions are necessary to ensure the comparability of high-school grades. Altogether 359 observations were dropped due to these sample restrictions.
The dataset contains detailed information on personal characteristics, information on the course of university studies, on job search, and labor-market performance. Most importantly for our purpose, participants in the survey also reported their high-school grades (Abitur grades) 9 and the federal state in which they obtained their Abitur. This enables us to identify whether the final exams were external or local examinations. Moreover, we can link this 9 information on high-school grades and examination type to labor-market outcomes five years after graduation from university.
Descriptive Statistics
Table 2 visualizes mean differences in relevant characteristics between groups of individuals defined by type of examination and the relative position in the grade distribution.
For illustrative purposes, the table distinguishes only between individuals with "good" and "bad" grades, defined by being above or below the median grade. Entries in the table represent mean values and standard deviations (in parentheses).
Comparing mean values of age, the share of males, and the share of individuals graduating in West-German states reveals only small differences between groups. Slightly larger differences exist in the share of graduates from a Gymnasium and graduates with
Fachabitur. The share of graduates holding a Fachabitur amounts to only 13 percent in the non-central exam group compared to 19 percent among central exam graduates. Moreover, while the difference in shares of Fachabitur holders between graduates with bad and good grades is small in the non-central exam group, the respective difference is 11 percentage points among central exam graduates. Furthermore, there is a notable difference of 12 percentage points in the share of graduates from a Gymnasium between good and bad graders in the central exam group. These differences emphasize the importance of controlling for compositional differences along the Fachabitur and Gymnasium dimensions. Table 2 also provides information on differences in average grades and earnings between groups. We normalized grades to have a mean of zero and a standard deviation of one. The average grade among graduates from central exam is 23 percent of a standard deviation above the mean, while the average grade in the local exam group is 9 percent of a standard deviation below. More importantly, mean differences between the groups of individuals with good and bad grades are almost identical. As variation in grades is the second key ingredient of our identification strategy, Figure 1 provides additional evidence on the distribution of demeaned grades by examination system. The figure suggests that the distribution of grades is roughly identical in both groups defined by the type of examination. Table 2 further shows that central exam graduates also have higher earnings five years after graduation on average compared to local exam graduates. The difference in monthly earnings is roughly 90 Euros. Within examination type, earnings also vary substantially by exams grades, but the reward for being in the group of individuals with good grades is three times as high in states with central external examinations as it is in states with local exams. 10 Analyzing wage differentials between groups requires taking into account potential differences in labor supply as selection into employment might partially drive results (Heckman (1979) ). At the bottom of Table 2 , we therefore also report group-specific employment rates. Observed differences in employment rates as well as hours worked are, however, small and give little reason to be concerned about selection issues. We nevertheless deal with this concern more rigorously in the robustness section.
Empirical Model
The key challenge to studying whether grades obtained in central exams allow an improved sorting of students by productivity consists of estimating the counterfactual relationship between high-school grades and productivity. The unique institutional setup in Germany allows us to obtain an estimate of the counterfactual that is based on the observed relationship between grades and earnings within a control group of workers who obtained their high-school degree in German states with local exams. Thus, workers in this control group compete on the same labor market. By exploiting this setting, we can estimate the differential effect of high-school grades on earnings by type of examination based on a difference-in-difference framework within one country. 11
The empirical model is given as:
where y i represents log monthly earnings five years after graduation from university, Grade i is the high-school grade, CenExam i is an indicator variable for grades obtained in central exams, X i is a vector of controls for personal characteristics, and ε i is an error term uncorrelated with all right-hand-side variables. In equation (5), β reflects the effect of high-school grades on earnings in states with local exit examinations. The parameter γ captures the isolated effect of curriculum-based external exit examinations. In most of our empirical specifications, this effect will be subsumed by the inclusion of a set of fixed effects for federal states.
The key parameter of interest, δ, is identified by the estimate for the interaction effect between Grade i and CenExam i . The parameter captures any additional effect of the highschool grade on earnings when grades are obtained in an external rather than local examination. In light of the measurement-error model presented above, the coefficient estimate for the parameter δ can be interpreted as the reduction in the "attenuation bias" due to the less noisy measurement of productivity-relevant skills.
Our identification strategy rests on the comparison between graduates from central exam states and graduates from non-central exam states. More precisely, the identifying assumption is that, conditional on other observed factors, the effect of high-school grades on earnings for graduates from non-central-exam states can serve as a valid estimate for the counterfactual grade-on-earnings effect for graduates from central-exam states in case they had not obtained their degree in a school system with external exit examinations. While this assumption cannot be tested, it should be noted that state-specific differences in earnings levels are captured by the inclusion of state fixed effects. Differences in regional labor markets or other institutional factors between states potentially bias our results only if they have a differential effect on earnings by the level of the high-school grade obtained.
Main Results on the Information Value of Central School Exams
The main results of our baseline model are shown in Table 3 . Across the different specifications, there is clear evidence that better high-school grades are positively related to earnings and that this relationship is substantially stronger when these grades were obtained in central rather than local exams. The first column shows the basic difference-in-difference specification. The subsequent three specifications include fixed effects for the state of the high school. This set of dummy variables captures all grade-invariant variation between states. In the presence of mobility costs, comparison of labor-market outcomes of high-school graduates from states with and without central exams might be biased due to differences in local labor-market conditions. The specifications in the last two columns control also for other confounding factors. The third column introduces controls for family background and the fourth column adds the type of high-school degree and the degree-issuing institution to the list of control variables. All estimations allow for clustered standard errors by federal state. 12
The main effects of interest are presented in the first two rows of the table. The estimate for the baseline effect of grades on earnings is statistically significant at 0.015-0.017 in all four columns. It suggests that when school grades are obtained in local exams, a grade improvement by one standard deviation is associated with 1.5-1.7 percent higher earnings on average. The interaction effect shows that this relationship is significantly different in states with central exams, where the association between high-school grades and future earnings is much stronger. The estimates for the interaction effect range from 0.034 to 0.043. They suggest that a grade improvement by one standard deviation translates into 6 percent (column 4) higher earnings in central-exam states.
In light of the model presented above, the estimated interaction effect can be technically interpreted as the reduction in the "attenuation bias" in the estimated coefficient of highschool grades due to the reduction in the noise component of grades obtained in central exit exams. Thus, the interaction effect reflects the additional information value of central school exams as opposed to local exams. The fact that its coefficient estimate is positive and significant supports our key hypothesis that grades obtained in central exams allow an improved sorting of students by productivity.
Before investigating the robustness of this finding, we quickly discuss the other parts of the empirical model. The estimated coefficients of the other control variables have the expected signs. Our results confirm that males earn more than females, which is in line with previous evidence on the existence of a gender wage gap in Germany (e.g., Fitzenberger and Wunderlich (2002) ; Reimer and Schröder (2006) ). The significant negative effect of age seems striking at first glance. Most empirical studies investigating the age-earnings profile find a concave pattern suggesting a positive age effect for early and mid-career workers (e.g., Daveri and Maliranta (2007) ; Haltiwanger, Lane, and Spletzer (1999) ). However, note that by focusing solely on persons graduating from university in the same year, we implicitly introduce a restriction for potential work experience after graduation, and those graduating at an older age might have needed more time to obtain their degree.
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Finally, in the first column we include an indicator variable for states with central examination systems instead of state fixed effects. The insignificant coefficient on the CenExam dummy reveals that central-exam states are not associated with higher earnings on average after controlling for differences in high-school grades, age, and gender composition in our sample. This is in line with existing evidence that suggests that for Abitur holders, there are no systematic earnings differences between individuals who obtained their high-school degree in states with central or local exams (see Backes-Gellner and Veen (2009); Piopiunik, Schwerdt, and Woessmann (2013)).
Sensitivity Analyses
This section investigates the robustness of our results. A first concern might be that the effect of high-school grades on earnings is heterogeneous and that our results might be driven by large effects for specific subgroups. We address this concern by replicating the above analysis for different subgroups of the population. Table 4 provides regression results of our main model for seven different subgroups. All results are based on the most elaborate specification of equation (5), which corresponds to column 4 of Table 3 . The first column of Table 4 shows estimates for individuals from the former West German states only. The results remain qualitatively unchanged with a slightly lower point estimate for the interaction effect of grades and the CenExam dummy.
Columns 2-5 present results for the "most common" scenario for obtaining a universityaccess degree according to the type of degree, the age at which the degree was obtained, and the degree-issuing institution. The most common scenario would imply obtaining the general university-access degree (Abitur) at an age between 18 and 20 at a Gymnasium. Hence, column 2 restricts the estimation sample to holders of a general university-access degree (Abitur), column 3 to individuals who obtained their university access degree at an age between 18 and 20, column 4 to individuals who obtained their degree at a Gymnasium, and column 5 imposes these three sample restrictions simultaneously. In all specifications, the estimate of the information value of central school exams stays rather constant.
Column 6 presents results based on an estimation sample for individuals working fulltime
in the year of observation. Differences in the selection into fulltime employment by grade level and federal state may significantly affect the estimates of our baseline specification.
However, column 6 reveals that the size of the estimate of the information value of central school exams declines by almost half once we restrict the sample to individuals working fulltime, but the estimate remains positive and significant.
Column 7 restricts the sample to graduates who are employed outside the public sector.
Private sector wages are presumably more correlated with actual productivity. Thus, if our key hypothesis is true, we would expect to see a larger estimate of the difference-in-difference parameter. And indeed, restricting the sample to private sector workers increases the estimate of the information value of central school exams to 0.057. 13
Another concern is potential selection into employment. However, as the descriptive statistics have revealed, employment rates in our sample are fairly large (around 90 percent) with no apparent differences between grade levels and types of exit examination. Hence, we refrain from estimating a selection model as our main specification. Instead, we now present results of a specification with employment status as the dependent variable. 14 Results of the employment regressions are shown in Table 5 . Again, different columns refer to specifications with different sets of covariates. As is evident from the key results in the first two rows, both the estimated coefficient of high-school grades alone and the estimated coefficient of the interaction effect are extremely small and insignificant. We interpret these results as reassurance that our difference-in-difference estimates for the effect of high-school grades on earnings are not driven by selection into employment.
So far, we have limited our attention to earnings five years after university graduation and ignored earnings measured in the first wave one year after graduation. One main reason for doing so is that several fields of university studies such as law, medicine, and education involve mandatory post-graduate traineeships that are part of the entire program. These postgraduate traineeships typically last longer than one year and involve a payment of relatively low and identical wages for all participants. Thus, reported earnings one year after graduation do not reflect market wages for these graduates. We can, however, estimate equation (5) with reported earnings one year after graduation for all other graduates.
As shown in Table 6 , one year after graduation we obtain an estimate for our key parameter of interest of 0.025 (column 4). While the absolute size of the information value of central school exams is smaller compared to the estimate five years after graduation, the estimated coefficient is positive and significant also one year after graduation. The difference in the size of estimates is, however, driven by the sample restriction, as re-estimating the specification five years after graduation with the same sample restriction produces an estimates of 0.023 (column 5).
While the unique institutional setup in Germany together with the information contained in the graduate survey data allow the identification of the information value of central exams, the restriction of the dataset to successful university graduates constitutes a potential drawback. Differences in the selection into the highest track of secondary education, the selection into university studies, and differences in successful graduation between individuals from central and local exam status can hamper identification. In particular, Table 1 already revealed significant differences in track attendance between central and local exam states.
Therefore, in the first two columns of Table 7 we test the robustness of our results to additionally controlling for an interaction effect between state-specific cohort shares and grades. The key parameter of interest is positive, although it captures statistical significance only once state fixed effects are included. Table 1 shows that the state of Bavaria has the lowest cohort graduation share. This may indicate that only the most "able" Bavarian students have a chance to end up in our sample population. To further explore whether sample selectivity could drive our results, in the final two columns of Table 7 we selectively drop observations from other states to match the cohort share of Bavaria. In column 3, we do so by dropping observations at the bottom of the state-specific earnings distributions, while in column 4, we use the state-specific grade distribution. In both cases the estimate for our key parameter of interest remains positive and significant. While we have no formal means of testing to what extent selection constitutes a real concern, at least all additional empirical analyses do not indicate that sample selection drives our results.
Characteristics of Universities and Jobs as Channels?
All specifications so far include only control variables that are determined prior to graduation from high school. Additional control variables that characterize university studies or labor-market status are excluded in our main specifications because they might capture part of the effect we are interested in. However, including these variables might shed light on the underlying mechanisms behind the higher information value of central exams. For example, the effect might be driven by selection into different fields of study or occupational sorting.
To investigate potential driving factors, we exploit the rich nature of our dataset and estimate specifications including control variables describing university studies and the labor-market status of individuals. 
Evidence from Applications, Interviews, and Job Offers
We close with a brief analysis of differences in performance during the initial job search after graduation from university. We regard the evidence presented in this section as supportive descriptive evidence for a higher information value of central exams.
One year after graduation, survey participants were asked about the number of job applications written, as well as the number of interview invitations and job offers received during their initial job-search period. The evidence presented so far suggests that high-school grades obtained in central as opposed to local exams contain a higher information value. As employers should therefore be more able to judge on effective human capital differences between applicants when grades are obtained from a central rather than local exam, we hypothesize that the type of examination also matters for the performance during the initial job search. In particular, risk-averse employers might ceteris paribus be more likely to hire or
give interview invitations to applicants with more reliable signals. As a consequence, we speculate that individuals with grades obtained in central exams receive more interview invitations and job offers given the same number of applications.
We test this hypothesis by regressing key characteristics of the initial job-search period on the central exam dummy and a set of other controls. In particular, we focus on the number of applications, interviews, and job offers, as well as interview-per-application and job-offer-perapplication ratios as dependent variables. As is evident from the first three columns of Table   10 , central exams have no significant association with the number of interviews, applications, or job offers. However, it is possible that individuals with very good grades apply for the job they want the most and get it immediately, whereas bad performers in high school are forced to send out numerous applications and consequently also receive more job offers (but also more rejections). This consideration illustrates that pure numbers of applications, interviews, and offers may not be very informative.
Hence, columns 4 and 5 use the ratios of interviews over applications and job offers over applications, respectively, as dependent variable. As expected, good performers in high school have significantly higher ratios of interviews and job offers per application. More to the point of our analysis, the estimated coefficients on the central-exam dummy are positive and significant. Conditional on grades, high-school graduates with a degree obtained in central as opposed to local exams thus receive more interview invitations and more job offers per application in their initial job-search period. While these associations do not necessarily warrant a causal interpretation and while the specifications do not do full justice to the complexity of the matching process between employers and employees, we think these results provide descriptive evidence that is informative and consistent with an interpretation that central exams have higher information value.
Conclusions
We provide first evidence that central school exams have a higher information value than local school exams. Based on a difference-in-difference identification strategy, we find that a one standard-deviation improvement in high-school grades translates into approximately 6 percent higher earnings when grades are obtained in central exams, compared to less than 2 percent when grades are obtained in local exams. The resulting difference of more than 4
percentage points reflects the higher information value of central school exams. Framing the relationship between high-school grades and earnings in a measurement-error model provides a precise interpretation for this difference in estimated coefficients: The higher information value of central school exams reflects the reduction in the "attenuation bias" as grades obtained in central exams are a less noisy signal for effective human capital.
Apart from providing evidence on the quality of sorting on the labor market, this finding closes an important gap in the literature on the impact of institutional structures of the education system on student achievement. While the reduced-form association of central exit examinations with substantially higher learning outcomes of students is much documented, the channels through which the effect operates are less well understood. In theoretical signaling models of educational performance, central exams are hypothesized to reduce the cost and improve the reliability of the information on effective human capital and thus potential productivity to employers, who are then willing to attach higher rewards to better exam outcomes, which in turn increases students' incentives to learn. The argument that central exams increase the extrinsic rewards for learning is, however, an assumption in these models that has not been tested yet. Our findings confirm the association between central exams and higher extrinsic rewards for learning, a necessary condition for the validity of these incentive-based explanations for higher learning outcomes of students when exit exams are central.
Appendix: A Traditional Difference-in-Difference Setup
Our baseline specification in equation (5) resembles a difference-in-difference setup. We compare earnings differences between individuals with high and low grades obtained in central exam states to the same difference for individuals who obtained their grades in local exam states. The grade variable used in the empirical analysis is, however, multi-valued.
Alternatively, we can estimate a simpler -and possibly more intuitive -specification with a binary measure for school performance based on grades. indicates whether an individual's grade is better than the state-specific median grade. The results of this estimation confirm the estimates of our baseline specification. Individuals with a good grade in local exams states have on average roughly two percent higher earnings compared to those with a bad grade (although this difference is not statistically significant in this specification). In central exam states, this difference is a significant 6.5 percentage points larger.
While the specification in Table A -1 might be more intuitive, a generic difference-indifference setup typically includes one difference varying at the level of the observation. In our case, we can construct such a framework by collapsing our sample to include only two observations per federal state. In this case, one observation includes mean characteristics for all individuals with grades below the state-specific median grade and the other observation includes mean characteristics for all individuals with grades above the state-specific median grade. Note: Means and standard deviations (in parentheses) for selected variables by examination type. Grades are normalized to have mean zero and standard deviation one. "Bad" and "good" grades refer to individuals with below and above median grades within examination types. All variables are measured in 2003. Gross monthly earnings are reported in Euro. 
